Recent epidemiologic studies clearly showed that early intensive glucose control has a legacy effect for preventing diabetic macrovascular complications. However, the cellular and molecular processes by which high glucose leads to macrovascular complications are poorly understood. Vascular smooth muscle cell (VSMC) dysfunction due to high glucose is a characteristic of diabetic vascular complications. Activation of nuclear factor-κB (NF-κB) may play a key role in the regulation of inflammation and proliferation of VSMCs. We examined whether VSMC proliferation and plasminogen activator inhibitor-1 (PAI-1) expression induced by high glucose were mediated by NF-κB activation. Also, we determined whether selective inhibition of NF-κB would inhibit proliferation and PAI-1 expression in VSMCs. VSMCs of the aorta of male SD rats were treated with various concentrations of glucose (5.6, 11.1, 16.7, and 22.2 mM) with or without an inhibitor of NF-κB or expression of a recombinant adenovirus vector encoding an IκB-α mutant (Ad-IκBαM). VSMC proliferation was examined using an MTT assay. PAI-1 expression was assayed by real-time PCR and PAI-1 protein in the media was measured by ELISA. NF-κB activation was determined by immunohistochemical staining, NF-κB reporter assay, and immunoblotting. We found that glucose stimulated VSMC proliferation and PAI-1 expression in a dose-dependent manner up to 22.2 mM. High glucose (22.2 mM) alone induced an increase in NF-κB activity. Treatment with inhibitors of NF-κB such as MG132, PDTC or expression of Ad-IκB-αM in VSMCs prevented VSMC proliferation and PAI-1 expression induced by high glucose. In conclusion, inhibition of NF-κB activity prevented high glucose-induced VSMC proliferation and PAI-1 expression.
Introduction
Cardiovascular complications are a primary cause of high morbidity and mortality in diabetes mellitus (UK Prospective Diabetes Study [UKPDS] Group, 1998) . Recently, the Diabetes Control and Complications Trial (DCCT)/Epidemiology of Diabetes Interventions and Complications (EDIC) study and UKPDS post-trial study clearly showed that early intensive glucose control has a legacy effect for (VSMCs) . VSMCs were incubated in various concentrations of glucose (5.6, 11.1, 16.7, and 22.2 mM) for 48 h. Mannitol was used as an osmotic control. Cell proliferation was measured by an MTT assay. A high concentration of glucose (22.2 mM) significantly increased VSMC proliferation compared to control cells exposed to 5.6 mM glucose (*P ＜ 0.05). Same concentrations of mannitol did not increase proliferation of the VSMCs.
preventing diabetic macrovascular complications (DCCT/EDIC Study Research Group, 2005; Holman et al., 2008) . However, the cellular and molecular processes by which high glucose leads to macrovascular complications are poorly understood, even though several mechanisms of diabetic vascular complication were suggested (Jeong and King, 2011) .
The proliferation of vascular smooth muscle cells (VSMC) is one of the main features of atherosclerosis that are induced by high glucose conditions (Feener and King, 1997) . Besides vascular cells, many kinds of inflammatory cells, such as monocytes and macrophages, along with cytokines are involved in atherosclerosis, which leads to the concept that atherosclerosis is an inflammatory disease (Ross, 1999) . Nuclear factor κB (NF-κB) regulates transcription of various genes involved in immune and inflammatory responses, growth, and adhesion (Lenardo and Baltimore, 1989) . Since the activation of NF-κB was shown to be involved in the human atherosclerotic artery (Brand et al., 1996) or VSMC proliferation sites in the balloon injured artery (Breuss et al., 2002) , NF-κB was found to have an important role in atherosclerosis (Landry et al., 1997) . Hyperglycemia (Monaco and Paleolog, 2004; Erl et al., 1999) as well as inflammatory cytokines (IL-1 and TNF-α) (Brand et al., 1997) can activate NF-κB through oxidative stress (Hattori et al., 2000) .
Plasminogen activator inhibitor-1 (PAI-1) inhibits fibrinolysis and proteolysis as a physiologic inhibitor of tissue type plasminogen activator or urokinase-like plasminogen activator. Increases of PAI-1 have been observed in cases of thrombosis and fibrosis, obesity, diabetes, and insulin resistance (Meigs et al., 2000; Ma et al., 2004) . Increases in PAI-1 mRNA expression were reported in the atherosclerotic artery of type 2 diabetic patients (Pandolfi et al., 2001) and in VSMCs cultured under high glucose conditions (Suzuki et al., 2002) or angiotensin-II (Lee et al., 2010) . However, the signaling pathway involved in high glucose-induced PAI-1 expression and proliferation of VSMCs is not clear even though MAPK or PKC activation is partially involved (Suzuki et al., 2002) .
Therefore, it is critical to determine whether the inhibition of proliferation and coagulation in the vasculature can serve as a novel therapeutic strategy to prevent vascular complications of diabetes. We studied the role of NF-κB activation in the proliferation of VSMCs or increases of PAI-1 expression due to high glucose. We also examined whether the inhibition of NF-κB by AdIκB-αM, an adenoviral vector encoding an IκB-α mutant protein as an IκBα super-repressor, or inhibitors of NF-κB such as MG132 and PDTC can prevent proliferation or increases in PAI-1 expression induced by high glucose in VSMCs.
Results

High glucose induces proliferation of VSMCs
Incubation of VSMCs with various concentrations of glucose (5.6, 11.1, 16.7, and 22.2 mM) resulted in an increase of VSMC proliferation in a dose-dependent manner after 48 h of treatment. This increase was not seen in the osmotic control cells treated with mannitol to maintain the same osmolarity as cell grown in a high concentration of glucose (22.2 mM). We found that 22.2 mM glucose significantly increased VSMC proliferation (Figure 1 ) compared to control cells exposed to 5.6 mM glucose (P ＜ 0.05).
High glucose activates the NF-κB signaling pathway
Immunohistochemical staining: VSMCs in NG (5.6 mM) retained NF-κB p65 in the cytoplasm (green fluorescence) with little staining observed in the nuclei (Figure 2A-2) . VSMC cultured in HG (22.2 mM) showed in a significant increase of NF-κB p65 nuclear translocation (Figure 2A-3 ) similar to the positive control (TNF-α, Figure 2A -1) which contained intense green fluorescence localized in the cell nuclei. Nuclei were stained blue by Hoechest staining. Luciferase activity: The NF-κB activity in cells treated for 48 h with 11.1 and 22.2 mM glucose was 2.8-and 15.7-fold, respectively, greater than that in cells treated with NG (5.6 mM). HG (22.2 mM) significantly increased NF-κB activity (P ＜ 0.001; Figure 2 . NF-κB activation by a high glucose concentration. (A) The effect of high glucose on the translocation of NF-κB. VSMCs were treated with 10 ng/ml TNF-α as a positive control (A-1), normal glucose (5.6 mM, A-2), and high glucose (22.2 mM, A-3). The cells were fixed and subjected to immunohistochemical staining to examine translocation of NF-kB. Nuclei were stained blue by Hoechest staining (A-4, 5, 6). VSMCs cultured in high glucose (22.2 mM) resulted in a significant increase of NF-κB p65 nuclear translocation (A-3, arrows). (B) The effect of glucose on luciferase activity. VSMCs were transfected with pNFκB-Luc and treated with 5.6, 11.1, and 22.2 mM glucose. High glucose (22.2 mM) significantly induced an increase of luciferase activity in the VSMCs (*P ＜ 0.001). (C) The effect of glucose on the expression of IκB-α. VSMCs were cultured in high glucose (22.2 mM) for various time periods. Whole cell lysates were subjected to Western immunoblotting to analyze the protein levels of IκB-α. Densitometry quantification values (Image J) were measured and shown by fold over the control for each time point. Degradation of IκB-α started at 5 min, was maintained until 60 min, and returned to the basal level 120 min after high glucose (22.2 mM) treatment (C-1). Also, quiescent VSMCs were treated with various concentrations of glucose for 30 min. The representative immunoblot shows that high glucose (16.7 and 22.2 mM) significantly induced degradation of IκB-α (C-2) (*P ＜ 0.05). Figure 2B ). Immunoblotting (Western blot): When VSMCs were cultured in HG (22.2 mM) for various time periods, degradation of IkB-α started at 5 min, maintained until 60 min, and returned to the basal level 120 min after HG treatment ( Figure 2C-1) . Also, after treatment with various concentrations (5.6, 11.1, 16.7, and 22.2 mM) of glucose for 30 min, the high glucose concentrations (16.7 and 22.2 mM) significantly induced degradation of IkB-α compared with that of 5.6 mM glucose ( Figure  2C -2).
High glucose stimulates PAI-1 mRNA expression and PAI-1 protein secretion into media
We examined the effects of high glucose on PAI-1 mRNA expression in VSMCs with semi-quantitative RT-PCR and real-time PCR. PAI-1 mRNA was observed at low levels in untreated control VSMCs. After HG (22.2 mM) treatment, PAI-1 mRNA increased at 2 h, peaked at 6 h, and remained constant at 10 h ( Figure 3A) .
To evaluate the effects of various concentrations of glucose on PAI-1 gene expression, VSMCs were treated with 5.6, 11.1, 16.7, and 22.2 mM glucose for 6 h. Figure 3B shows that PAI-1 mRNA expression was increased in a glucose concentrationdependent manner. High concentrations of glucose (16.7 and 22.2 mM) significantly stimulated PAI-1 mRNA expression compared to 5.6 mM glucose treatment (P ＜ 0.05, 16.7 mM versus 5.6 mM glucose; P ＜ 0.01, 22.2 mM versus 5.6 mM glucose).
The level of PAI-1 protein in the media was measured by ELISA. Figure 3C shows that the 22.2 mM HG stimulated the secretion of PAI-1 protein into media compared with 5.6 mM NG at 8 h and 12 h after treatment (*P ＜ 0.05, 22.2 mM versus 5.6 mM glucose; **P ＜ 0.01, 22.2 mM versus 5.6 mM glucose in Figure 3C ).
NF-κB inhibition decreases high glucose-induced proliferation in VSMCs
Addition of NF-κB inhibitors PDTC (50 μM) and MG132 (1 ng/ml) also led to a significant decrease in VSMC proliferation compared to that of cells treated with HG (22.2 mM). Two kinds of NF-κB inhibitors prevented high glucose-induced VSMC proliferation (P ＜ 0.05 versus HG-treated cells; Figure 4A ). Additionally, transfection of AdIκB-αM significantly inhibited high glucose-induced VSMC proliferation (P ＜ 0.05 versus cells treated with 22.2 mM glucose or 22.2 mM glucose with Adβ-gal; Figure 4B ). 
NF-κB inhibition prevents high glucose-induced PAI-1 mRNA expression and PAI-1 protein secretion in VSMC
High glucose significantly stimulated PAI-1 mRNA expression (P ＜ 0.01 versus cells treated with 5.6 mM glucose). Pretreatment with 1 ng/ml MG132 or 50 μM PDTC ( Figure 5A ) prevented HG-induced PAI-1 mRNA expression (P ＜ 0.05 versus cells treated with 22.2 mM glucose alone). AdIκB-αM expression ( Figure 5B ) also significantly inhibited HG-induced PAI-1 mRNA expression (P ＜ 0.05 versus cells treated with 22.2 mM glucose or 22.2 mM glucose with β-gal). HG induced PAI-1 protein secretion was significantly reduced by 1 ng/ml MG132 or 50 μM PDTC ( Figure 5C ).
Discussion
Our results demonstrated that high glucose stimulated proliferation and PAI-1 expression of rat VSMCs. Furthermore, inhibition of NF-κB prevented proliferation and PAI-1 expression induced by high glucose in VSMCs. We have reported for the first time that both proliferation and PAI-1 expression of VSMC are controlled by the NF-κB pathway.
Prolonged chronic hyperglycemia is one of the Figure 5 . NF-κB inhibition prevents high glucose-induced PAI-1 expression in VSMCs. VSMCs were treated with different glucose concentrations (5.6, 11.1, 16.7, and 22.2 mM) for 48 h in the presence or absence of NF-κB inhibitors, MG132 (A) or PDTC (A) or AdIκB-αM (B). (A) Cells were pretreated with 1 ng/ml MG132 or 50 μM PDTC for 2 h before being treated with the indicated concentrations of glucose for 6 h. After RNA isolation, PAI-1 mRNA expression was measured by real-time PCR. High glucose significantly stimulated PAI-1 mRNA expression (**P ＜ 0.01 versus 5.6 mM glucose). The two NF-κB inhibitors prevented HG-induced PAI-1 mRNA expression (*P ＜ 0.05 versus 22.2 mM glucose alone, † P ＜ 0.05 versus 16.7 mM glucose alone). (B) High glucose significantly stimulated PAI-1 mRNA expression (**P ＜ 0.01 versus 5.6 mM glucose). AdIκB-αM significantly inhibited high glucose-induced PAI-1 mRNA expression (*P ＜ 0.05 versus glucose 22.2 mM or glucose 22.2 mM with β-gal). (C) HG induced PAI-1 protein secretion was inhibited by NF-κB inhibitors. Synchronized quiescent VSMC cells were treated with DMEM Low Glucose without Penol Red containing 5.6 and 22.2 mM glucose after pretreatment with or without NF-κB inhibitors, 1 ng/ml MG132 or 50 μM PDTC. The level of PAI-1 in the media was measured by ELISA. HG induced PAI-1 secretion was significantly reduced by NF-κB inhibitors (**P ＜ 0.05 glucose 22.2 mM vs glucose 5.6 mM; *P ＜ 0.05 glucose 22.2 mM vs glucose 22.2 mM with NF-κB inhibitors, 1 ng/ml MG132 or 50 μM PDTC). major causes of vascular complication in diabetes; this can be prevented by intensive early treatment as clearly shown in recent epidemiologic studies (DCCT/EDIC Study Research Group, 2005; Holman et al., 2008) . Also, SHARE study showed that the degree of intima-media thickness of the carotid artery is relation of HbA1c (Gerstein et al., 2003) . It suggested that the elevated HbA1c is a strong indicator of proliferation of VSMCs. We showed that proliferation of VSMCs was increased by glucose in a concentration-dependent manner. Furthermore, a high glucose concentration (22.2 mM) significantly stimulated the proliferation of VSMC.
Proliferation and migration of VSMCs are characteristic of progression of atherosclerotic lesion from a fatty streak to a more complex plaque (Glass and Witztum, 2001) . A wide spectrum of inflammatory mediators is involved in atherosclerosis. NF-κB is one of the key factors of atherosclerosis detected in VSMCs, macrophages, and endothelial cells from human atherosclerotic lesions (Brand et al., 1996) . Even though inflammatory cytokines such as TNF-α (Lee et al., 2011) or advanced glycation endproducts (Yoon et al., 2009) promoted the progression of atherosclerosis through activation of NF-κB pathway, that is not adequate evidences which explain about the direct effect of hyperglycemia itself in diabetic vasculopathy. Therefore, in this study, we observed that activation of NF-κB was stimulated by high concentrations of glucose as evidenced by translocation of the p65 subunit, increased luciferase activity, and degradation of IκB-α. Activation of the NF-κB pathway by high glucose concentrations has been shown in VSMCs from rat (Hattori et al., 2000) , swine (Yerneni et al., 1999) , and humans (Ruiz et al., 2006) . However, the role of NF-κB activation by hyperglycemia in VSMCs has not been clearly shown. We demonstrated that both proliferation and PAI-1 expression of VSMC were mediated by NF-κB activation. Several studies showed that a link between high glucose induced NF-κB activation and cell proliferation was blocked by use of antioxidant or anti-inflammatory drugs such as α-lipoic acid (Kim et al., 2007) , pentoxifylline, and c-peptide (Cifarelli et al., 2008) . These NF-κB blockades are non-specific inhibitors and may influence other intracellular pathways. Thus, we overexpressed a mutant form of IκBα, AdIκB-αM. Other investigators showed that cytokine-or growth factor-induce VSMC proliferation is inhibited by liposomal delivery of an NF-κB inhibitory peptide, IκBα (Selzman et al., 1999) . However, this study showed for the first time that high glucose-induced proliferation and PAI-1 expression was prevented by expression of AdIκB-αM, an IκBα super-repressor.
Even though progression of atherosclerotic lesions can lead to ischemic symptoms as a result of progressive narrowing of the vessel lumen, acute cardiovascular events usually results from plaque rupture and thrombosis. Decreased fibrinolysis is believed to accelerate arterial atherosclerosis by facilitating thrombosis. PAI-1 is one of the major regulators of fibrinolysis (Meigs et al., 2000) . Levels of plasma PAI-1 are elevated under various thrombotic conditions as well as during diabetes and insulin resistance (Irigoyen et al., 1999) . Even though platelets account for more than 90% of PAI-1 in blood, high glucose increases PAI-1 synthesis in arterial wall cells in culture by activating MAPK and PKC (Suzuki et al., 2002) . We showed that PAI-1 gene expression was increased by glucose in a concentration-dependent manner. High glucose concentrations (16.7 and 22.2 mM) significantly increased the expression of PAI-1. Inhibition of NF-κB prevented PAI-1 expression. Recently, the association between PAI-1 and VSMC proliferation was shown by Chen et al. (2006) . PAI-1 transgenic mice show increased VSMC proliferation through NF-κB and ERK. According to our data, inhibition of NF-κB prevented high glucose-induced proliferation and PAI-1 expression in VSMCs. We did not study about the direct effect of PAI-1 on the high glucose-induced proliferation of VSMC. We just demonstrated that increased PAI-1 expression and proliferation induced by high glucose were mediated through NF-κB activation. However, the direct role of PAI-1in the proliferation of VSMCs is very conflicted and complex. Several researchers showed the role PAI-1 as an inhibitor of vascular proliferation. Stefansson and Lawrence (1996) showed that PAI-1 binds vitronectin (VN) and blocks its interactions with u-PAR (urokinase-type plasminogen activator receptor) and αγβ3 integrin thus inhibiting migration and cell detachment. Wu et al. (2009) showed that active stable mutant recombinant PAI-1 inhibited VSMC proliferation which was lost in VN-deficient VSMCs. On the other hand, overexpression of PAI-1 increased proliferation of VSMC due to a direct inhibitory effect of PAI-1 on the activity of caspase-3. Meilhac et al. (2003) showed pericellular plasmin induced smooth muscle cell anoikis which is a kind of apoptosis induced by detachment of adherent cells from extracellular matrix. This plasminogen activator-induced proteolysis can result plaque rupture and aneurismal formation. It suggests that PAI-1 can enhance proliferation primarily by controlling proteolytic activity. Therefore the balance between PAI-1's inhibitory action on plasmin and interaction with vitronectin and other proteases may play a critical role in interfering with vascular proliferative responses. This PAI-1 paradox is speculated as several ways. Diebold et al. (2008) suggested dose dependent effect of PAI-1 and Konstantinides et al. (2002) argued the different effect of PAI-1 by various stage of atherosclerosis.
Even though we did not elucidate the direct role of PAI-1 in the VSMC proliferation, NF-κB activation directly increased VSMC proliferation through enhancing Bcl-2 expression. Antiapototic effect of NF-κB was reported that the activation of NF-κB directly stimulated antiapoptotic protein, Bcl-2 in macrophage (Lawrence et al., 2005) . Our results mean that activation of NF-κB represents another mechanism of high glucose-induced PAI-1 expression in VSMC.
In conclusion, we have demonstrated that high glucose-induced proliferation and PAI-1 expression in VSMC was prevented by inhibition of NF-κB activation. Direct administration of selective inhibitory proteins such as IκBα or NF-κB inhibitors might be a clinically-accessible strategy for responding to vascular events in diabetic patients.
Methods
Animals 8-week old male Sprague-Dawley rats were used after adaptation for 7 days in an animal facility kept at 24-26 o C and 60% humidity with 12-h light /dark cycles.
Isolation and culture of VSMCs
VSMCs were isolated from the aorta of male SD rats using an enzyme solution mixed with collagenase type I and elastase type III (Yoo et al., 1997) . Isolated VSMCs were cultured in Dulbecco's Modified Eagle's Medium (DMEM; Gibco) containing normal glucose (NG; 5.6 mM), 10% fetal bovine serum (FBS; Gibco), 100 U/ml penicillin and 100 μg/ml streptomycin in a CO2 incubator (5% CO2, 95% O2, 37 o C). These VSMCs were shaped so that they had a 'hill-and-valley' appearance. At passages 5-12, the cells were used for this experiment.
MTT assay
VSMC proliferation was measured by an MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide) assay to compare the effect of normal glucose (NG; 5.6 mM; D-glucose, Sigma, St. Louis, MO) and high glucose (HG; 11.1, 16.7, and 22.2 mM) on the cell proliferation.
VSMCs were cultured in 10% FBS-DMEM (Gibco) on 96-well plates (5 × 10 3 cells/well). When the VSMCs reached a 60% confluent state, the cells were rendered quiescent by incubation in DMEM (Gibco) containing NG and 0.1% FBS for 24 h. Next, the VSMCs were treated with different glucose concentrations (5.6, 11.1, 16.7, and 22.2 mM) for 48 h in the absence or presence of NF-κB inhibitors: 1 ng/ml MG132 (Calbiochem, La Jolla, CA) or 50 μM PDTC (Sigma) or AdIκB-αM (kindly provided by Dr.
Myung-Shik Lee). 1 μM MG-132 or 50 μM PDTC was used to treat the cells 2 h before glucose treatment. After aspiration of supernatants, VSMCs were treated with indicated concentrations of glucose for 48 h. The cells of 96 wells were incubated with 100 μl of 0.5 mg/ml MTT at 37 o C for 4 h, washed with cold PBS, and lysed with 100 μl of DMSO (Sigma). After the insoluble crystals were completely dissolved, the optical density of each well was immediately measured at 570 nm using an automatic micro-plate reader (Molecular Devices, Sunnyvale, CA).
Adenoviral transfection of AdIκB-αM
AdIκB-αM, an adenoviral vector encoding an IκB-α mutant protein as an IκBα super-repressor, whose serine 32, 36 were replaced with alanines and control virus (Adβ-gal). Adenovirus was propagated in HEK 293 cells and concentrated by standard CsCl ultracentrifugation. VSMCs were infected with AdIκB-αM at a multiplicity of infection of 100 in a serum free media for 4 h. After incubation of 24 h, the cells were treated with indicated glucose before MTT assays.
NF-κB activity
Immunohistochemical staining: VSMCs were cultured in chamber slides (500 cells/chamber, Lab-Tek; Nalge Nunc International, IL) in 10% FBS-DMEM (Gibco) for 48 h and were made quiescent by incubation in DMEM (Gibco) containing NG and 0.2% BSA for 24 h. The cells were then treated with 5.6 and 22.2 mM glucose solutions for 6 h. TNF-α (10 μg/ml) was used as a positive control. After treatment, the cells were fixed in 4% paraformaldehyde, washed with PBS, and incubated with anti-RelA/p65 antibody (Santa Cruz Biotechnology, Santa Cruz, CA) overnight at 4 o C. The cells were then washed and incubated with biotinylated anti-mouse IgG, streptavidin-TRITC, and Hoechst33342. Stained cells were observed using a fluorescence microscope connected to a digital camera and interfaced with a computer, and the number of cells showing nuclear translocation of RelA/p65 was counted by a single observer blinded to the treatment groups. NF-κB reporter assay: NF-κB reporter activity was measured using the Dual-Luciferase Reporter Assay System (Promega, Fitchburg, WI). VSMC were co-transfected with 0.5 μg of an NF-κB-responsive reporter gene construct carrying two copies of κB sequences linked to the luciferase gene (pNFκB-Luc; Stratagene, La Jolla, CA) along with 0.01 μg of Renilla luciferase (Prl-TK; Promega) using Lipofectamine (Invitrogen, Grand Island, NY) . At 24 h after transfection, cells were treated with NG or HG (22.2 mM) for an additional 5 h. Afterward, activities of the luciferase and Renilla luciferase were measured using the Dual-Luciferase Reporter Assay Kit (Promega). Results were presented as luciferase activity normalized to Renilla luciferase activity. Western blotting: VSMCs were cultured in a 6-well plate (2 × 10 5 cells/well) and made quiescence in DMEM containing 0.1% FBS and NG, then treated with high glucose (HG: 22.2 mM) for various times (0, 10, 20, 30, 50, and 60 min) . Following treatment, whole cell lysates were made; protein concentrations were determined and an equal amount of each sample was subjected to SDS-polyacrylamide gel electrophoresis and transferred to nitrocellulose membranes. Following the transfer, the membranes were reversibly stained with a Ponceau S solution (Amresco, Ohio) to confirm sample loading and gel transfer equivalence. After blocking with 5% nonfat milk for 1 h, the membranes were incubated with an anti-IκB-α antibody (1:1,000, Santa Cruz, CA) for overnight at 4 o C and followed by incubation with an goat-anti-rabbit Ig G secondary antibody (1:2,000, Santa Cruz, CA) for 1 h. Antibody binding was detected by enhanced chemiluminescence (ECL, Pierce). X-ray film (Kodak) was used to visualize the bands. Densitometry quantification values (Image J, program from NIH) were measured and shown by fold over the control for each time point.
RNA isolation, semi-quantitative reverse transcription (RT)-polymerase chain reaction (PCR), and real-time RT-PCR of PAI-1 mRNA
Total RNA was isolated from VSMCs (2.5 × 10 5 cells/60 mm dish/2 ml DMEM with 0.1% FBS) that had been serum-starved overnight in 0.1% FBS and treated with HG (22.2 mM) for 0, 2, 4, 6, 8 h. The method was based on the phenol/guanidine isothiocyanate based on RNAzol B (Cinna/Biotecx, Houston, TX) after VSMCs were treated with indicated concentrations of glucose for 6 h with or without NF-κB inhibitors such as MG132 or AdIκB-αM transfected cells. Total RNA (1 μg) was reverse transcribed using MMLV reverse transcriptase (Gibco) with random hexamer priming. For semi-quantitative PCR, aliquots of cDNA were amplified in a 20 μl PCR mixture according to the protocol provided by the manufacturer (TaKaRa Bio, Kyoto, Japan). The PCR conditions for PAI-1 were as follows: 28 cycles at 95 o C for 45 s, 60 o C for 45 s, and 72 o C for 45 s. PCR products were separated by electrophoresis on 1.5% agarose gels containing ethidium bromide, and the bands were visualized under UV light. The primers were synthesized by Bioneer Co. Ltd (Seoul, South Korea).
For real-time RT-PCR, the resultant cDNA was amplified using a Roche Light Cycler (Roche Diagnostics Ltd., Lewes, UK). Real-time PCR analysis was carried out with SYBR Green I (Roche Diagnostics Ltd.) and primers for rat PAI-1 (5'-ATGAGATCAGTACTGCGGACGCCATCTTTG-3', 5'-AC-AAGTCTGATGGTAGCACCATCTCCGTGC-3') or β-actin (5'-AATGCCTCCTGCACCACCAAC-3', 5'-AAGGCCATGC-CAGTGAGCTTC-3'). PCR reactions with SYBR Green I and primers were performed in a 20 μl volume with 2 μl cDNA, 0.5 μM primers, and 4 mM MgCl2. Taq polymerase, PCR buffer, dNTPs and SYBR Green I dye were included in the Light Cycler-Fast Start DNA Master SYBR Green I mix (Roche Diagnostics Ltd.). Thermal cycling profile consisted of a pre-incubation step at 95 o C for 10 min followed by 40 or 50 cycles of a 95 o C denaturation step for 10 s, 59 o C annealing step for 5 s, and 72 o C extension step for 20 s. After each extension step, the temperature was raised to 88 o C to measure SYBR Green I fluorescence at a temperature 2 o C below the product Tm and above the Tm of the pri-mer-dimers to prevent interference from non-specific primers-dimers. At the end of the PCR, a melting curve analysis was performed by gradually increasing the temperature from 65 o C to 95 o C (0.1 o C/s) to confirm the amplification specificity of the PCR products. The level of expression of each mRNA and their estimated crossing points (Cp) for each sample were determined relative to the standard preparation using LightCycler computer software (v 3.5). The PCR standards for PAI-1 and β-actin consisted of a known number of PCR products and were made to a concentration of 10 8 copies/μl. PCR amplification was performed with a series of standards prepared by successive dilutions, and a linear standard curve was automatically generated. A standard curve was constructed for each PCR run. All samples to be compared were run in the same assay.
ELISA of PAI-1 protein
The levels of PAI-1 in the culture media were determined by ELISA kit (Molecular Innovations). VSMC cells were cultured in 10% FBS-DMEM Low Glucose without Penol Red (GIBCO) and cells were made quiescent by incubation in DMEM Low Glucose without Penol Red containing 0.1% FBS and NG for 24 h and were treated with 5.6 and 22.2 mM glucose solutions for 4, 8, 12 h. PAI-1 concentrations of the culture medium were determined using a rat PAI-1 ELISA kit and were expressed as nanograms of active PAI-1 released from VSMC/mg of cell protein. Also, synchronized quiescent VSMC cells were treated with DMEM Low Glucose without Penol Red containing 5.6 and 22.2 mM glucose for 12 h after pretreatment with or without NF-κB inhibitors, 1 ng/ml MG132 or 50 μM PDTC. The level of PAI-1 in the media was measured by ELISA. HG induced PAI-1 secretion was significantly reduced by NF-κB inhibitors (**P ＜ 0.05 glucose 22.2 mM vs glucose 5.6 mM; *P ＜ 0.05 glucose 22.2 mM vs glucose 22.2 mM with NF-κB inhibitors, 1 ng/ml MG132 or 50 μM PDTC).
Statistical analysis
Results were expressed as means ± SD. Statistical significance was assessed with a non-parametric Student's t-test or one-way analysis of variance (ANOVA) using Prism software (Graphpad, San Diego, CA). P ＜ 0.05 was considered statistically significant. Tukey-Kramer post-tests were performed when appropriate.
